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ft m m * * 



JB1/2W 



2. ft^js* i *mmi> jt^*r,-*f»«- ; fftt 20,000 a 120,000 m 

3. ftfiJS* 2 JC+JRZ.rM^K 40.000 a 80,000 iRJs 

4. ftjpJS^i+WfflK^, ***Z,-**WW*ffllBI'MhX£tti 

5. &*'JH# 4 *ttffl«4&. K+* > h*Z,z:WittW^ : ?*« 5,000 @J 20,000 £ 

6. tt^JH^l^Klffltt^ Jt^ffiRttWWS^ 95%, 

ph a 5.5 m 7.5 iraw^^affffittfi^; 

ph <s 6.5 f y 7.0 zm m*.®m.mtmi&%Li 
10. -tt^^sufiiB* 1-7 *®mimm> sup«d«c 75 

12. -tt«*«*13f* n »m WBSW^XJfettifeQ; 

15. -#«*ftjpji?*i4Wi5*ffl^tti. ^&&fomm&&®m&&®ihfax 

Rx-B-Rl 

17. -tt«jg«jpy»*i6W*«» : fW4>xsi*r.r»^^, 20,000 hj 
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bL m % * K &2/2E 



120,000 iW; 

18. -ttRJBftWR^nWlfc^W^XfilRZir*^^, £0^*4 40,000 3!) 

80,000 ifS); 

19. IHIWI* 16 IBttHi-W^^Sfi** 
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* m * 



JS1/16H 



A?A£tt***K&jt. %m*MMi&?2'm, mum 
rmfc** aft. &%£.&gkmmm8:. ft&mmmm, nh& 

HB Genentech £^-5 Alkermers &n&ftft&7M PLGA & 

f* 6 *, EUELhUfAMIfi PEG-n^-BUBcfil, PEG-ADA (AfflKftfll), 
PBG.^ftt** PEG-GCSF (ftttM«fl*B?>. PECHFtt 

Mg##o PEG-GCSF 1b*4»^^-»i$#**-HW>r8ttir- 
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ft W IS J&2/16E 



Clark 3KJ.Biol.Chem., 271;21969-21977» 1996)^^2*-^^ 
5 &W%%m=?m% 5000 «*Z»:Z*. Silk 

A^fcMtaWN 1 ** 20kDa, -£*r io^-«***H. 
l +H&&ft£> 9 +*MJftflttfe*. WttftWMH ho ftftjj® 

Clark ^A(J. Biol. Chem., 271:21969-77, 1996) ^fflTfl^M^ 

5000 tomz~m5\&K&M®&> ***wa^Jte-»#w 
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% m 15 3I3/16K 



*7*fc!>WJM#. ^M©a-^^HSI^€(^ 70kDa), 
al., BioconjugateChem., 12:195-202, 2001) o ^W3\FM , k&MMft 

: hi«-^*z,-0^, ft^raB»ficMmtiM. x pKa * 

7.6-8.0 (ttMMttmKl pKa(t0.0-10.2)3Hfc>o XftHMsH 

6fflN$jg(Kinstleretal., US Patent 5985265, 1999? Kinstler etal., 
Phann. Res., 13:996-1002, 1995)„ 

1:1, B-#ffi&tliS;gffimWftJBm 

NHS ^BWIS5Z,-^a^^4 l $g^/S»^ 

ffi NHS ^ftlfc&rj£#?S(>m& 20,000 120,000, MS 
«MA40 t ooo» 80,000 0fW£Zi-g^^gM4to, £TO 

JiftXft. ^fllft 40kDa #XSJSZ>-&(mPBG2-NHS)$£§|S 
Shearwater &§J , 80kDa Z, — B(mPEQ±NHS)Rmik1?&& 

P H> *#tfc*U &&£A*IR'rffl«ft& 

■«»*. mnr* asm& p h « 6 s 7.5 fcisiw 

50-200mM2.IU. 

a* ph 7.5 m 9.0 iw. ^Tm®^#^, mrnfm&m 



6 



03133278. i 



1ft IB 15 J&4/161S 



1:1 $1 10:1 KtfSSrt, &%mm&m&3:\ $\7:U 

*%mm p h £#t, nhs ^ttaawzK^^^tt^is 
M^w^^tto aft, tr&M&#& 2-8rii£&® 0 »j£±a*# 

*ft 20,000 W±, Superdex 75 (Pharmacia Biotech^^ffittft 

JH, ftl£lM£-fc3t> G-CSF> ^Iftjfc* GM-CSF> TO 
S&jH^aiftiP 40,000. 

1R Sephadex G25, 3^ WK^fll 
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?*H£, Tris. ^tfft pH 46L&ftltfF 6.5, -JS^ffi pH7.4, 

20mM. ««mm-jsn&js«#MR9£ q m?&&ttc*i 

Mono-Q a£ Q-Sepharose, Pharmacia Biotech)±^tf£fc#;, 

(20mMTris, PH7.4)ifc&, $0JBIWW&W*Jfc, «WWP*WI 

HAft'M' 50mM g{tttftftJtttt(50aiM gtffc^20roM Tris,PH7.4) 
4>ftH]R&=»£«««MMIf. 3«^fc*MEil»t 65mM ft 

(Joi£ensen et al. Pharmacol/Toxicol., 63:129-134, 1988), $;ffl&A&. 

mnmrnm, mmmnn, x*w*s*mt 24 <w. * 
±.n^m)m. -gam, mmmmmmmi&mtmm 
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Rx-B-Rl 

Wft*W*<N»MK. 2000 3J 20,000 

b nuaftft. 

200 PJ 20,000 ZfSl, 

#lUV%m, ft Fmoc-Lys(Fmoc)s!c# Boc-Lys(Boc), ftfl^Sffl^ 

Z.rSfcft^o B ttrgtt3fc/W$*ffiig$g (p-nitrophenyl) j&Rlfi 
( succinimidyl) #8&ffl, RI M3M£gffl&&. 

«fttt*Z.r Wfc Shearwater & ^JRXM^flu *f*8«#S 
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HI IJ3 15 JT7/16W 



s&nhs ttftjstt*z»rOTei^ b-ri m 
mmm&mfemj*® rx-b.ri . 

et al. , Bioconjugate Chem. , 6:62-69 , 1995 ? Nathan et al. , 
Macromolecules, 25:4476-84, 1992), /ffWft&JSSP&Wflt 

mm 

£¥:Mn&<biE1])s miXlomft PEG40-hGH ft &tt($<&HH) 
&n 7 ^ 70 PEG80-hGH ftR4ty£<frnH)ftff . 9 

£K&f?(£4l>iE#), § 7 ^ 30 PEG80-hGH MHtK&<frM) 
#1*5 7 ^ 70 PEG80-hGH ffll^(£<&ffl 

4-20% SDS-II^^JS«llfifTOJlR«*^^^Mffi^^»i^ffi 

mm, a£**»: 

# 2 it, ttsflft 1:3 M Affe-fe«*:*Z»r*&fii* c *i 

mm, w «A**«»:*a-»Kjfio te «i 

* 4 it, tbflft 1:7.5 ttA4-|fe« :*Z,iy»fiJffij* ! *i 
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& 5 it, lt«* 1:10 ttA£***:*Z.-*fil3y te *: 
US 6 it, tiS£HMHF«cfti 

m 7 it, Mono-Q ft 50mM ftft4mtt«l(A^tt»:XZ»i:V 
tfc#J 1:3); 

» 8 it, Mono-Q ft 65mM ft{fc4AftK«(A^*«:iRZ. -® 
tfc0U:3); 

J» 9 it, Mono-Q ft 500mM it^^^A^^^:!!^-^ 
tMfll:3). 

B4: A^*«XZ.r:M^nsDS-IRPfmK«lfl!«» 

% 1 it, Mono-Q ft 50mM ft4Mftft«(A£K$m:I&£-g? 
tfcfll 1:5); 

H 2 it, Mono-Q ft 65mM fttt4fti^^A^«*:3RZ. 
1:5); 

m 3 it, Mono-Q ft 500mM ft4k«l%R«l(A^%jK:IRZ.z:ff 
fctfll 1:5); 

jR 4 it. Mono-Q ft 50mM ftft4Mfttt«l(A^IKX:iRZ. - ff 
tt^J 1:7.5); 

H 5 it, Mono-Q ft 65mM tClfc«ttJRIKA£««dRZ.z:ff 
Ifctt 1:7.5); 

0 6 it, Mono-Q ft 500mM mfctt3feK*KA^**:JRZ,-«[ 
fctfcl 1:7.5); 

H 7 it, Mono-Q ft 50mM jRifc«lftK«KA^M:XZ.=ff 
fcfcfcl 1:10); 

m 8 it, Mono-Q ft 65mM ]K4b«%JK«l(A^ibK:XZ.i:ff 
ttfll 1:10); 

% 9 it, Mono-Q ft 500mM ^^MH*(A^^^*:lg21-0 
ttfll 1:10) ; 

S 5: A££&&& 40KDA X2L-©A4^^1?l^tl«S 
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tt 13 15 J&9/16M 



£&**(£<bM)> * 7 ^ 70 PEG40-hGH MHfc(£<i>M) 
*P$$ 7 K 140 m^i PEG80-hGH 0§&#K£'CME3r)m*7. M^ft 

****** m^b mo *&A££**(&<b**)*itt 7 x 

/B 140 M PEG40-hGH ffl&&(£n>M)ait-&m*? o 

£** l *^«^Xfl*z.=»flWf!# 
l»T*fc7-##**£X4H i ** 80,ooo WJRZ,=»tt*tt, ffi 

11.8mg Fmoc-Lys(Fmoc)-OH (MW590, 20pmol, Advanced 
ChemTech)$§j»lE 120^1 24ymol NHS(Sigma)ft- 
(DMF)*, flPA 3.8^ ~#W**z:ilE* (DIC, MW126, d=0.8, 
24Mmol, Advanced ChemTech), fijSftSfiTH^W'MN" '- $F68mg 
NH2-PEG-COOH (MW3400 . 20mnol, Shearwater)?&j|f& lOOul - 

n.^fflpcM)$ i ,mA6.9id r.$m%&& (dipea, Mwi29,d=o.74, 

40pmol, Sigma), ^-^fltraP^iSM^, MT*8~'>BtJ5, SPA 10% 

*:r.«)Wit««**z,««f'#*« : F», mm 78m g 

(NH 2 ) 2 -PEG-COOH 

# 8.8mg (NH 2 ) 2 -PEG-COOH (5nmol lOOpl DCM, fajs 

JPA 200mgmPEG 2 -40K-NHS (MW42500, 5nmol, Shearwater)^! 1.7^1 
DIPEA (lOmnol), filtSlTttlhjt. ^**Z.*»W*#JM! 

80kDa HZ,rg|4 Superdex 200 JHfftt±*Mt(2* X 
40cm), ft8ffi*m *HWrtfcW7*«rF 5ml *+. 
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7K»fc. ##214nmE&, ^2rH8. 

tiiftfefa 80kDa^Z,-^^ffl DIC jftfrrSft. * lOOmg 80kDa 
mPEG 4 -COOH (1 ^SpmoOfc? 0.5ml =F tik DCM 4> , M A 1 .3nmol NHS 
ft o,25jilDIC(1.5jimol). &Ja2£SffiTIR«ii« • j*4WB Z,l«JHfc 
E"fc^l03mg, TWMftfiPtt-MlC. 

&Sfe#l] 2 80kDa IP 40kDa 

ft 234rag £-£«$^»J^ 4ml 0.1M MMA, pH 7.0. 
J&HiTrap Sephadex G25 $£SM£(2.5X 15cm, Pharmacia Biotech)J9A 
O.IM^^ (pH7.0) ¥®, #«r£fc**#a±#. #280nm 11 

ife^—^il#(18ml). i^280nm^fi^ffi^^l&0.68i+ 
%-±&Wl : %%Lfe. ^Hft 280nm ftM 1.2, 1.76mg/ml, 
&f*ft 32mg. 

80kDa f£Z.-S?1g$W. 60mg ^'H^W 80kDa 

mPEG 4 -NHS (0.7,nnol), iPAJO 1.1ml # 6mg £fc&3$(0.3*imol)ftj# 
®*ft(pH7.0)*§&*, fijttS<ra4*«*. 

-5 40kDa HZ*-Sril^Bt» 60mg ^ttMft 40kDa 

mPEGrNHS (1.5pmol), iPAJll 2ml ^ lOmg £-fc»^(03jimol)6«J# 
fMft(pH7.0)»ft+, &Jfi«4X:a*IR«. 

3 80kDa $1 40kDa HZ, -3£-fcfcjfcfl8Hfcjfl Superdex 

75 f«4fc 

80kDa IP 40kDa £Z,r»£-fc**ffl84fc/B Superdex 75 JI#r& 
(1.5X40cm, Pharmacia Biotech)t$tto $M#T&il 150mM^fc®, 
lOmM ftmmh> 0.2% ttm20, pH6.0fi<J^ 5 l z, #^±#, ±## 
MffeW5%, E280nm$H£6*l, #&*£-- > Nfcjft**. 
MIT 35ml 0.16mg/ml tfj 40kDaI£Zirg£A£-£«$$ 

5.6mg, 28ml 0.08mg/ml 80kDa 

4 40kDa*P 80kDa|g A£fc**fll#4&£ 

^tMA^tiiftilWfiltt Sprague Dawley AIM^f 
Taconic Farms 0KA«.@#Jt*« l JI&<> *Hfi«T10^, »* 
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1ft W H 3U1/16M 



10 RKfk, mm 14 1 W AQ ^#$(0.2% 

ttifi-20, 150mM Hflrtfc, lOmMfrJMMft, pH6.0)s 

io 14 l io 

A^*««tt AQ ffitft, 

80N-70 11 HAR. ft 0 ^*Pft 8 1 ST}^ 70 

sokDa A£&iraftft4bfKl aq 

80N-30 &, 11 RjzH, ft 0 ^»ft 8 1 30 

80kDa X&:=:*A&&&S4lft4fctt AQ tf^fti 

40N-70 &, 11 ft 0 *»ft 8 1 70 ftft 

40kDa JRZ,-#A^-fe**iPI««» AQ ttttft. 

l£fttt A*, ft 7 *ftft 14 ^#^R#«ftWTO«&«Tf- 
^#tfr?iJ£3t 1 ft* 2 ^Tt^##f5fcffl EXCEL g#tt t 









n 


(mean±sd) 


PtfttWD 




®& 


10 


0.6±1.8 








10 


14.2±2.1 ! 


<0.0001 




40N-70 


11 


13.0±2.2 ! 


<0.0001 


>0.05 


80N-30 


11 


9.9±2.2 ! 


<0.001 


<0.01 


80N-70 


11 


13.2±2.0 


<0.0001 


>0.05 
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ft if) |5 $12/161 







m 


n 


(meatufcsd) 






mm 


10 


1.0±2.7 








10 


19.8±2.8 


<0.0001 




40N-70 


11 


20.0±3.2 


<0.0001 


>0.05 


80N-30 


11 


14.5±4.1 


<0.0001 


<0.01 


8ON-70 


11 


19.5±4.4 


<0.0001 


0.05 



^**aj, 40N-70|n80N-70^^H,fl<J i f^I#S^JP^ro^^ 

& 43.5mg Aft^ifc**^ 1 *^*^ l- 0 ^ HiTrap 
G25»^^^t^SJ50mM^^» pH6.5. «fe280mnW* 

*JS. 0.68 tt**3R«rti-JiL«6»«. Hfttt*£*f*** 
5.7**. WSWmggfi, {TO 0.75ml. 

&T3afc&ESf&S*W raPEG2-NHS(MW40,00O, Shearwater), 



PEG:hGH(j£#fcfc) 


3:1 


5:1 


7.5:1 


10:1 


hGH(nmol) 


71.62 


71.62 


71.62 


71.62 


PEG (mg/nmol) 


8.6/214.9 


14.3/358.1 


21.4/537.2 


28.6/716.2 



tt±R&5fertJg. ##J^ffl HiTrap G25 JK&ttttttttttC&*l 
20mMTris, pH7.4. «H^*4HM.t#»Bffl 20mMTris, pH7.4H 
ji^jlfiM Mono-Q HR5/5 M#T&(Pharmacia Biotech), #J3Efr$±l 

Jfeffi«l:50mMlMfctt. 20mMTris, pH7.4 ; 
ftMt2:65mM 20mMTris, pH7.4; 
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i$L D3 15 J&13/16DC 



&B8&l:500mM&tt;4ft» 20mMTris, pH7.4, 

m^mmm^ mnm so m, jpa 5 m s 

JMX«, i«Hlil 40kDa #XM2KZ.-»(mPEG2-NHS)W 
3t#££~&:l#M*#&tttt£ 1:5-1:7.5 RtMt»*8ft. 

#ft&ittJfclJi#ff » m^^i^1UHM«ME 50mM H4k4Hn 

ttMmfcK. 65mM U±ftftfttt^ttiftfe 

#M Mono-Q tttfcflfc&frW 50mM MaUMVMte* 
HiTrap G25 AQ (150mM fcftffi, 

0.2%B±i&-20, lOmM |?MMfi, pH6.0). jHfeSttttJ^IKl&i&Ai 
0.22(1111 $&(&TOt£(CAMEO 25AS)###£ 2-8°C ffl^Jtl*£tt 

« 88.4mg A^taW*¥»«WT- 1.0ml *+, ±#«W^i 
HiTrap G25 JRtttt^MMXtftM 50mM MMA. P H6.5. * 
28Qnm M^ffft, 0.68 flSHRAXftiMIS3«A. HttttA 
14 «ft , #|R 5.5 50mM pH6.5 

ScT^fMfcAifr 26.25 mPEG2-NHS(MW40,000, Shearwater), 
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PEG:hGH(0^lt) 


7.5:1 


HGH(nmol) 


87.5/# 


PEG(mg/nmol) 


26.25/656.25/$ 



tt±&Jfi2fe*JS. HiTrap G25 jftfc&ttftttttX&ft 20mM 
Tris, pH7.4, #^#^±#JlJB^20mMTris, pH7.4»«ffi 
W Mono-Q HR5/5 Jg^&(Pharmacia Biotech). Rfr$J#iP&T3ig 
W^T^fir^J», ffiJW£280nm», 

ifejft* l:50mMiClt:^, 20mMTris, pH7.4 ; 

}»y£2:65mMiMfc*fi, 20mMTris, pH7.4; 

JJfeiKJft l:500mMtC4fctt, 20mMTris, pH7.4„ 

sDs-mmftwmmmw&tmm'm, & ioo°c Msj&ft^ 
tBcT 30 %mn&±.m 4-20%wiwwm sos-w^mmmm^ 

l$ft^£&&Q-Sepharose Fast Flow Mono-Q 

Q-Sepharose ftfttttttf W 50mM ftttttftflftttflte. 
HiTrap 025 Jfttttt*«?t*5!lfciJ AQ <150mM*(b«. 
0.2%t£*&-20, lOmM ttfltfttt, pH6.0) o X&ttttttJ3ffi)#A/B 
0.22nm $»0ft$t(CAMEO 25AS)#&« 2-8°C fflf- fttt&tt 

8 ${&M#£E£ftt& Sprague Dawley 
Taconic Farms ffK*ftBftff7gMR. #M 12 MM 

9MKfi. 9 K*R, H 5MKm. 1 AQ *g#$ (0.2% 
tt^-20, 150mMlMfc#l, lOmMMi, P H6.0); 

6 A* SI. H m*.m 1 Wtt 20 
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% W 10 $1 5/ 16E 



PEGhGH-70 &. 10 K*R, » 0 7 1 fcJte 70 

flfcft 40kDa |RZ.z:ffA&iMUMMtt aq mtmi 

PEGhGH-140 m, 10 K*R. % 0 7 1 30 

80kDaIB£r»A£&&£ffi&$l8 AQttt*. 

3 m$t 4 +.«tih**«f*ffl excel t 



313 m*TJi$7 3y»£#*ISfc*:f 






n 


(raeantsd) 


P (ttifFK) 






9 


1.93±2.10 






ft*** 


6 


17.07±1.94 


<0.0001 




PEGhGH-70 


10 


12.99±2.66 


<0.001 


<0.05 


PEGhGH-140 


10 


16.21±1.56 


<0.0001 


>0.05 


^4 ^?70M 


14 R®m#3k®*u.wmmnn& 






□ 


(mean±sd) 






mm 


9 


2.77±1.66 








6 


27.12±2.95 


<0.0001 




PEGhGH-70 


10 


20.7913.00 


O.0001 


<0.001 


PEGhGH-140 


10 


28.59±2.81 


O.OOOl 


>0.05 



& 140 «3t*Z»z:04-fe**MMIl(PEGhC3H-14O 
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W. W |5 £16/1615 



%R 11 ^j^JltiH**iW SpragueDawley AlU&g Taconic 
Farms %n, ^Wl^*KTWfii 

4 R*R, 1ml if 140Mg/ml A&*** 

WAQ«««*; 

PEG-hGH — lml £ MO^g/ml IgZi-I^A 





n 


(meaitfcsd) 


P 




4 


3,43±1.79 




PEGHGH 


5 


16.28±1.22 


<0.0001 
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tt « 10 M SI *6/6Jt 




25 



Appl. No.03133278.1 Publ. No. CN 1477126A 

Applicant: Jinsai Pharmaceuticals Ltd, Changchun, China 
Co applicants: Li Weihua; Dong Jian; Wang Shaobai 
Inventors: Li Weihua; Dong Jian; Wang Shaobai 

Long-acting Growth Hormone and its Pharmaceutical 
Composition Field of the Invention 
This invention belongs to the field of biological preparation, particularly 
relates to the long-acting growth hormone (GH), its preparation method, 
function and use. 

Background of the Invention 
Human growth hormone (h GH) is a protein hormone secreted by the 
human pituitary gland, and an indispensable regulating hormone for the 
human normal growth and development. The earliest source of GH is 
extracted from the human pituitary gland, and owing to the limited source and 
difficult to assure the quality, this product is hard to use extensively. The 
appearance of gene engineering makes the mass production of h GH possible, 
and the recombinant h GH has become the second product for the industry of 
bioengineering pharmacy. At present, It is mainly used in dwarfism, recovery 
of large-area wounds, adult growth hormonoprivia, recovery of AIDS 
emaciated etc. 

The main route of h GH administration is limited to the frequent 
injection because of the short half-life (<2hr). The conventional method is 
daily injection, the period of admen is in six months to one year. The frequent 
injection makes serious inconvenient for the patient, and enhances the admn 
cost. Therefore, the important items to be settled urgently are: improving the 
route, reducing the frequency, & decreasing the cost of the GH admn, and in 
creasing the complying with the doctor, & the curative effect. 

A slow releasing fine particle formed by embedding tech PLGA has been 



jointly developed by Genetech Co and Alkermers Co, (US), approved by 
FDA, and appeared on the market. However, the production technology of 
this product is complicated and the curative effect is slightly inferior than the 
primary product. 

The modification of protein by PEG has been found successful 
application for prolonging the half-life, reducing the immunogenicity and 
increasing the stability of the product. At present, the product using this tech 
and having been appeared on the market in clued: PEG-asparaginase, 
PEG-ADA, PEG-interferon's admn reduced from formerly injecting once per 
2 or 1 days to injecting once per week, and the curative effect improved from 
injecting once daily to injecting once per chemotherapy course. 

The modification of GH by PEG has been studied by Clark et al (J Bio 
Chem. 271 :2 1969-2 1977, 1996), and a product whose GH half-life is made to 
prolong to over 1 5hr has been obtained, the injecting frequency in a model of 
depituitary rats can be reduced to injecting once per 5 days. This study using 
PEG (5kDa), so the ideal effect of prolonging GH half-life can achieve only 
modification by multiple PEQ molecules, but an excessive modification 
would create relatively larger influence to the GH activity. This study 
indicates: the most ideal effect is the modification by 5 PEG molecules, 
though this method has proved the feasibility for modifying GH by PEG, the 
dose must be increased to compensate the decrease in activity, and the 
non-uniformity of the product makes the process and quality control difficult 
to assure. Therefore, the practicability of this study is weak. 

Disclosure of the Invention 

The object of this invention is to provide a method for modifying growth 
hormone with high-molecular-weight polyethylene glycol, there by to obtain 
a modified product capable of purloining the half-life of GH. 

The technical solution if this invention is: 

Polyethylene Glvcol-Growth Hormone Conjugate & its Preparation 
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The in vivo half-life of GH depends on various aspects of factors, e.g. 
protein stability, conjugation & isolation of conjugated protein, non-specific 
adsorption & degradation, antibody formation, kidney elimination, 
conjugation & endolysis with acceptor etc. These factors determined the in 
vivo distillation, residence time & metabolism, while the pharmacokinetic 
characteristic of exogenous GH was determined. Conjugation of protein with 
a hydrophilic polymer e.g. PEG, increases the stability and reduces the 
non-specific adsorption & antigenicity of the protein, and considerably 
reduces kidney eliminating effect at the time of a fairly 
high-molecular-weight. So it is an effective method for prolonging the in vivo 
half-life of protein drug. 

The MW of h GH is 20kDa, it has 10 primary aminos wherein one 
a-amino and 9 lysine-side-chain aminos are very active, and capable of 
reacting with activated carboxy to form peptide chain. Activating PEG 
molecule with N-hydroxysuccinamide (NHS) is a common method for 
conpling of macromolecule at present. 

Clark et al (J. Biol. Chem., 271:21969-77, 1996)disclosed: more PEG (5 
kDa) molecules are capable of coupling to h GH, and the MW increases, the 
half-life of conjugate prolongs along with the increase in the No. of PEG 
molecules coupled. However, a seriously negative effect on the bioactivity of 
GH was produced while more PEG molecules are coupled, the more the No. 
of PEG molecules coupled the more the loss of bioactivity. Clark's 
conclusion: the most preferred long-acting result being "each GH molecule 
coupling 5 PEG molecules". 

The half-life of hGH depends on various aspects of factors, wherein the 
kidney elimination is a matter of importance. In order to reduce kidney 
elimination, the MW must be above a certain critical value (-70 kDa), hence 
the h GH must coupled with macromolecular PEG. And in order to reduce the 
loss of bioactivity, it would be best to couple only one PEG molecule. This 



method has found a successful utilization in long-acting interferon (Bailon et 
al, Bio conjugate Chem., 12:195-202, 2001). For achieving "only one PEG 
molecule is coupled with one GH molecule", the fairly possible site is 
a-amino group, its pKa is 7.6-8.0 (lower than that of lysine-side-chain amino 
10.0-10.2). The specific coupling of PEG to N-end of G-CSF protein can be 
achieved by coupling aldehyde group with a-amino group at a low pH 
(Kinstler at al., US 5,985,265, 1995). However, the coupling efficiency of GH 
is very low at said reaction conditions. 

On the one hand, this invention provides a PEG-GH conjugate (mol ratio 
1:1), on the other hand provides a suitable method for producing said 
conjugate by reacting of GH with the NHS activated PEG in a buffer solution. 

The MW of NHS activated PEG can be 20 kDa~120kDa, more 
preferably 40 kDa~80 kDa. All the PEG can be linear, and branched as well. 
The activated branched PEG (40 kDa, mPEG 2-NHS) was bought from 
Shearwater Co, US, and the branched PEG (80kDa, mPEG4-NHS) & its 
activation are disclosed in this invention. Buffer system, pH, mole ratio, 
temperature & time of reaction are the important control conditions in the 
reaction process. Phosphate buffer is the first choice buffer system of this 
invention, the other buffer solutions can also be used provided they have 
sufficient buffer ability and not interfere with coupling. The concentration of 
the buffer solution is 50~200mM. 

The pH of conventional NHS coupling buffer solution is controlled at 
7.5-9.0 for increasing the coupling efficiency, the pH of our coupling buffer 
was reduced to 7.5-9.0, more preferably 6.5-7.0, for enhancing the selectivity. 
At such conditions, generally recognized as low efficiency. The mol ratio of 
PEG to GH can be 1:1-10:1, more preferably 3:1-7:1. The reaction pH 
produces a certain effect on the mole ratio, the higher the pH, the lower the 
mole ratio of PEG to GH. There exists a certain relationship between 
temperature & time of reaction, the reaction can be completed for 1 hr at 



room temperature and for over night at 4°C. At our low pH condition, the aq. 
solution-stability of NHS active group increases greatly, so extending the time 
favored complete reaction. In addition, protein generally has a better stability 
at law temperature, hence the first choice condition is 2~8°C overnight. After 
the above requirements being met, the main product is a conjugate wherein 
one PEG molecule is coupled with one GH molecule. Through the exact 
coupling site remains to be verified, the most possible site is the N-end of 
a-amino group. 

Another aspect of this invention is to provide a method for purifying the 
PEGOGhconjugate. The main component that must be isolated form the 
conjugate is the uncoupled GH, The difference between these two is one PEG 
molecule. Owing to PEG (20kDa), the conjugate is isolated from the 
uncoupled GH by Superdex 75(Pharmacia Biotech) MS column, the 
conjugate appears at evacuated volume, and the uncoupled GH has a longer 
retention time. There are no much limits to the buffer during chromatography, 
it can be adjusted according to the next process. 

By this method, the conjugate can be effectively isolated from the 
uncoupled GH, but the free PEG can not be separated from the conjugate. 
This method can be used for other proteins similar in MW such as red cell 
growth factor, G-CSF, interferon, GM-CSF, interleukin etc. The requirements 
being met are: PEG's MW>20kDa, Protein's MW<40kDa. 

The other aspect of this invention is to provide a method for isolating 
PEG-GH conjugate simultaneously from the uncoupled GH & PEG. This 
method is: first the coupled reaction product is displaced into a cationic buffer 
solution of lowest ionic strength e.g. Tris, then the reaction products are 
isolated in anion exchange column and eluted with the buffer solution of 
different ionic strength. In this condition, the free PEG is isolated first owing 
to its very low binding force, the PEG-GH conjugate is eluted at a lower ionic 
strength owing to its lower binding force compared with the free GH,and the 



free GH is eluted at a higher ionic strength. More particularly, After the 
reaction has completed, firstly using desalting chromatography e.g. Sephadex 
G25, the buffer solution was displaced by a cationic buffer, e.g. Tris (pH>6.5), 
the concn generally being 20mM. Then the reaction mixture was purified 
using Q union exchange column (e.g. Mono-Q or Q-Sepharose, Pharmacia 
Biotech), the free PEG is isolated during applying and washing, and the 
PEG-GH conjugate and free GH are bound to the column. After applying, the 
reaction mixture was washed with the same balancing solution (20mM Tris, 
pH 7.4), and eluted with the same buffer solution while in creasing gradually 
ioniv strength. The binding force of PEG-GH conjugate with the cation 
exchange column is weakened, hence the PEG-GH conjugate is eluted in 
50mM NaCl eluent (50mM NaCl, 20mM Tris, pH7.4), and the uncoupled GH 
is eluted in > 65 mM NaCl eluent (>65mM NaCl, 20mM Tris, pH7.4). The 
free PEG and GH can be effectively separated from the required coupling 
product, a high purity PEG-GH conjugate suitable for medicinal use is 
obtained. 

1 . Pharmaceutical composition 
Removing rats pituitary results in artificial growth hormonoprivia. The 
bodyweight of depituitary rats will remain unchanged without the exogenous 
GH. This model is a standard method for detecting the bioactivity of GH. The 
in vivo half-life of hGH in rats is less than 30min (Jorgensen etal, Pharmacol 
Toxicol, 63:129-134, 1988). In order to observe the bioactivity of GH, hGH 
must be injected daily into the rats. By "long-acting effect", we mean "the 
bioactivity of GH has prolonged" which can not be obtained by merely 
dose-increase. For example, in the depituitary rats, the extent of weight gain 
can be correspondingly increased by increasing the GH dose, but regardless 
of the dose, its weight effect not exceed 24hr. The long-acting GH must 
achieve the same goal of weight gain by the same or less dose at reduced 
frequency of admn. 



This invention has provided a method for curing different diseases of 
mammal. The method includes, an effective dose of PEG-GH conjugate is 
provided for the mammal to be cured. This conjugate can be used to cure the 
diseases of growth hormonoprivia or the beneficial-effect-producing while 
GH used. The does of PEG-GH conjugate generally depends on the GH 
activity contained in the conjugate. The maximum does depends on that no 
main lineal side effects results. Generally, the does of conjugate used can 
refer to the accumulated routine GH dose per unit time. This reference does is 
only used for illustration, the selection of the optimal dose must be 
determined by clinical symptoms. 

The high purity PEG-GH conjugate of this invention can be used in 
producing the pharmacautical composition for curing mammal, these 
pharmaceutical composition can be solution, suspension, lyophilized powder, 
tablet, capsule etc. The route of administration is mainly parenteral, but oral 
or inhalationa! can also be used. 

2. Synthesis of HMW Branched PEG 

The other aspect of this invention is to provide a method for synthesis of 
high-molecular- weight branched PEG. The molecular structure of this PEG is 
defined as Rx-B-Rl. Wherein R is a PEG branched chain linked to the 
branched linker B, which can be a linear molecule or branched molecule, x is 
the number of PEG branched chin linked to branched linker, which can be 
2-4. The size & shape of PEG branched chain can be the same or different 
and of 2kDa~20 kDa MW. B is a branched linker having at least two 
nucleophilic groups and adjacent to PEG branched chain through the reaction 
of muclcophilic group, and linked to another PEG branched chain Rl. The 
nuileophilic group can be an amino group, and the other can be carboxy or 
hydroxy. Lysine is a typical sample of linker B. 

Rl is a linear PEG molecule having different functional groups, wherein 
one end linking to B, another is an afteractivable group, e.g. carboxy or 



hydroxy, and of 2kDa~20kDa MW. 

During synthesis, firstly the branched chain Rl is reacted with activated 
B to form branch, the nucleophilic groups of reactant B are protected by the 
same or different protecting groups. As for lysine, the PEG molecule of the 
same size or shape can be linked while using the same protecting groups [e.g. 
Fmoc-Lys(F moc ) or B oc -Lys(B oc )] after deportation; the PEG molecules of 
different size or shape can be linked while using different protecting groups 
[e.g. F m0C -Lys(B oc )] or opposite protection. To form a p-nitrophenyl or 
succinimidyl group is adopted for the activation of B, and reacted with the 
nucleophilic group Rl . 

After the reaction has completed and deprotected, the structure of the 
product B-Rl has two nucleophilic groups (amino) at one end, and carboxy or 
hydroxy group at another for the final activation. 

The PEG branched chain R generally is a methoxy PEG, and can be 
activated with conventional method. The activated PEG can also be bought 
from shearwater Co. The PEG activated by p-nitrophenyl or NHS can be 
reacted with the nuileophilic group (amino) to form a stable final product 
covalently bonded to the nucleophilic groups (amino) on B-Rl -R X -B-R1 . 

Compared with the other method for preparing branched PEG 
(Monfardini et al, Bioconjugate chem, 6:62-69, 1995; Nathan et al, 
Macromolecules, 25:4476-84, 1992), the advantage of this invention is, all the 
reaction being carried out in organic solvent, and good for the increase in 
reacting efficiency, having space between reactive site and macromdecule, 
good for completing reaction, while the number, size and shape of side chain 
can be free to choose. 

This invention discloses a method for modifying GH by macromolecular 
weight PEG, and a modified product of prolonging markedly the half-life of 
GH. Said modified product has simple structure, uncomplicated production 
technique, strict quality control and strong practicability. 
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Brief Description of the Drawing 
Fig. 1 Weight gain effect of PEG-hGH conjugate in depituitary rats 
■Gp solvent (AQ buffer) «Gp 40N-70 [70ug PEG (40kD)-GH] 
□Gp GH ( 1 OpghGH) oGp 80N-70 [70ug PEG (80kD)-GH] 

Daily mean weight gain after cure (mean value ± std variance) 



Fig 2 . Volume-effect relationship of PEG-hGH conjugate in depituitary rats 
■Gp solvent (AQ buffer) «Gp 80N-30[30ug PEG (80kD)-GH] 
□Gp GH (10u.g hGH) oGp 80N -70[70ug PEG (80kD)-GH] 

Daily mean weight gain after cure (mean value ± std variance) 



Fig.3 SDS-PPA gel electrophoresis of PEG-hGH conjugate 

Streak 1 hGH streak7j Mon °- Qco, }peak(hGH:PEG 1:3) 

Streak 2 hGHPEG (1 :3) react prod [ 50mMNaa i 

Streak 3 hGH:PEG(l :5) react prod streak g jMono - Qcoll peak (hGH . pE(} } . 3) 

Streak 4 hGH:PEG(l :7.5) react prod ^ 65mMNaCl J 

Streak5hGH:PEG(l:10)reactprod str eak9j Mono - Qco, lpeak(hGH:PEG 1:3) 

i rn™ a a c . ■ \500mMNaClT v ' 

Streak 6 LMW standard of protein L } 



Fig. 

sJreakl fMono-ycoii 
[ 50mMNaCI J 



ig.4 SDS-PPA gel electrophoresis of PEG-hGH conjugate 

31,0 " Qco, l peak (hGHPEG 1:5) stieak6{ Mono " Qco, j peak (1GHPEG 1:7.5) 

mMNaClj ' [500mMNaClJ ^ v ' 

streak 2 j Mon ° - Qco, l peak(hGHPEG 1:5) streak7{ Mono " Qco, j peak (hGHPEG 1:10) 

[65mMNaCI J*^ y j 50mMNaCl J ' 

st rea k3{ Mon °- Qco, l peak (hGHPEG 1:5) streak 8 { Mono - Qco, l peak (hGHPEG 1:10) 

[500mMNaClJ [ 65mMNaCl J 

\50mMNaCl J [500mMNaCIJ ^ 



streak 5 



Mono - Qcol 
65mMNaCl 



peak (hGHPEG 1:7.5) streak 10 LMW standard of protein 



Fig.5 Weight gain effect of hGH and PEG(40kDa)-hGH conjugate in 
depituitary rats 

■Gp solvent (AQ buffer) «Gp 70ug PEG (40kDa)-hGH 



Daily mean weight gain after cure (mean value ± std variance) 

Fig.6 Weight gain effect of hGH and PEG-hGH conjugate in depituitary 
rats (same dose once injected) 



Daily mean weight gain after cure (mean value ± std variance) 

Preferred Embodiments of the Invention 
Example 1 Preparation of HMW Branched PEG 

For prolonging the half-life of the growth hormone, the 
high-molecular-weight (HMW) branched polyethylene glycol (PEG) is 
relatively suitable for use. Described below is a method for synthesizing 
80kDa multibranched PEG, which can be used for synthesizing other PEG of 
different MW and shape as well. 

11.8mg of Fmoc-Lys (Fmoc)-OH (MW 590, 20p.mol, Advanced 
ChemTech) was dissolved in 120pJ of dimethylformamide (DMF) containing 
24u.mol of N-hydroxysuccinimide (NHS, Sigma), 3.8 ul of diisopropyl 
carbodiimide (DIC, MW 126, d=0.8, 24umol, Advanced Chem Tech) was 
added, the reaction mixture was shook at room temperature for 2hr. 68mg of 
NHz-PEG-COOH (MW 3400, 20uMOL, Shearwater) was dissolved in lOOul 
of dichloromethane (DCM), 6.9ui of diisopropyl ethylamine (DIPEA, MW 



oGp GH (20ug) 



□Gp 140ug PEG (80kDa)-hGH 



•Gp hGH(l40ug) 



oGp 140ug PEG (40kDa)-hGH 
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129, d=0.74, 40umol, Sigma) was added, and mixed with the forepart reaction. 
After shaking at room temperature for lhr, 10% hexahydropyridine was 
added, shook at room temperature for 5min, the reaction product, at the 
volume ratio of mixture to ether >1 :10, was precipitated from ethyl ether and 
vacuum dried to obtain the final product (NH 2 ) 2 -PEG-COOH (78mg). 

8.8mg of (NH 2 ) 2 -PEG-COOH (5umol, amino-group) was dissolved in 
lOOul of DCM, 200mg of m PEG 2 40K NHS (MW 42500, 5umol, Shearwater) 
and 1 .7ul of DIPEA (lOumol) were added, the reaction mixture was shook at 
room temperature overnight. The product was precipitated from ethyl ether 
and vacuum dried. 

The synthesized PEG (80kDa) was applied to Superdex 200 
chromatographic column (2.6x40cm), and purified. Balancing the column 
with water, and the product to be purified was dissolved in 5ml of water. 
After applying, the product was eluted with water and observing at 214nm, 
the first peak was mixed and vacuum-dried. 

The purified 80kDa PEG was activated with DIC. lOOmg of 80kDa m 
PEG4-COOH (1.25u-mol) was dissolved in 0.5ml of dry DCM, 1.3umol of 
NHS and 0.25ul of DIC (1.5umol) were added. The reaction mixture was 
shook at room temperature overnight. The product was precipitated from 
ethyl ether, vacuum-dried, and dry preserved at -20°c. 

Example 2 Conjugating of PEG T80Da & 40kDa) to GH 

234mg of GH (lyophilized powder) was dissolved in 4ml of 0.1 M Na 
phosphate solution (pH 7.0). Hi Trap Sephadex G25 desalting column 
(2.5x1 5cm, Pharmacia Biotech) was balanced with 0.1M Na phosphate 
solution (pH 7.0), and the GH sample was applied, observed at 280nm, and 
the first peak collected (18ml). The light density at 280nm was determined; 
the GH concentration was calculated with the extinction coefficient. The 
result: light density 1.2, protein concn 1.76mg/ml, total protein 32mg. 

During conjugating of PEG (80kDa), 60mg of activated m PEG 4 

n 



(80kDa)-NHS (0.7umol) was added into 1.1ml of Na phosphate solution [pH 
7.0, containing 6mg (0.3umol) of GH], the reaction mixture was shook at 4°c 
overnight. 

During conjugating of PEG (40kDa), 60mg of activated m PEG 2 
(40kDa)-NHS (1.5umol) was added into 2ml of Na phosphate solution [pH 
7.0, containing lOmg (0.3umol) of GH], the reaction mixture was shook at 
4°c overnight. 

Example 3 Purification of PEG (80kDa & 40kDa)-GH Conjugate 
Using Superdex 75 Chromatographic column (1.5x40cm). (Pharmacia 
Biotech), purified PEG (80kDa & 40kDa)-GH conjugate was obtained. The 
chromatographic column was balanced with a solution (pH 6.0, containing 
150mM Nacl, lOmM of Na citrate, 0.2% Tween 20), the volume of applying 
was lower than 5% that of the column. The protein peak was observed at 
280um, and the first elution peak was collected: 

PEG (40kDa)-GH conjugate: 35ml, 0.16mg/ml, tot protein 5.6mg 
PEG (80kDa)-GH conjugate: 28ml, 0.08mg/ml, tot protein 2.6mg 

Example 4 Long-acting Effect of the Conjugates in Depituitarv Rats 
60 depituitary femal rats (8wk-age, Sprague Dawley) were bought from 
Taconic Farms Co [wherein 4 rats being rejected for poor health and 3 rats for 
the excess wt gain (> one std variance)], the rest 53 rats were randomly 
classified as: 

Gp solvent: 10 rats were subcutaneously injected daily for 14 days with 
lml of AQ buffer solution (0.2% Tween-20, 150mM NaCl, lOmM Na citrate, 
pH 6.0); 

Gp GH: 10 rats were subcutaneously injected daily for 14 days with 1ml 
of AQ buffer solution (coutaing lOug h GH); 

Gp 80N-70: 1 1 rats were subcutaneously injected at first and eighth days 
with lml of AQ buffer solution [containing 70ug PEG (80kDa)-GH 
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conjugate]; 

Gp 80N-30: 1 1 rats were subcutaneously injected at first and eighth days 
with 1ml of AQ buffer solution [containing 30ug PEG (80kDa)-GH 
conjugate]; 

Gp 40N-70: 1 1 rats were subcutaneously injected at first and eighth days 
with 1ml of AQ buffer solution [containing 70ug PEG (40kDa)-GH 
conjugate]; 

Assaying daily the body weight of the rats, a plot of weight change in 
cure course was shown in Fig 1 and Fie 2. the mean values of weight change 
for each group of rats at 7 and 14 days, and the statistic analysis were listed at 
Tab 1 and Tab 2. In statistic analysis, the t test function of EXCEL software 
was used, the scale is two-tailed and in equal variance. 



Tabl . Mean weight gain of the rats at 7 days after cure 



Group 


n 


Wt gain (g) 
(meanlsd) 


P(solvent) 


P(GH) 


Solvent 


10 


0.6±1.8 






GH 


10 


14.2+2.1 


<0.0001 




40N-70 


11 


13.0±2.2 


<0.0001 


>0.05 


80N-30 


11 


9.9±2.2 


<0.001 


<0.01 


80N-70 


11 


13.212.0 


<0.0001 


>0.05 


Tab2. Mean weight gain of the rats at 14 days after cure 


Group 


n 


Wt gain (g) 
(meanlsd) 


P(solvent) 


P(GH) 


Solvent 


10 


1.012.7 






GH 


10 


19.812.8 


<0.0001 
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40N-70 


11 


20.0±3.2 


<0.0001 


>0.05 


80N-30 


11 


14.5±4.1 


<0.0001 


<0.01 


80N-70 


11 


19.5±4.4 


<0.0001 


0.05 



The result indicates: the mean weight gains of Gp 40N-70 & 80N-70 
were not different from that of Gp GH (positive control), i.e. the 
high-molecular- weight branched PEG-GH conjugate (once per 7 days) has 
produced the same weight gain effect as the conventional GH (once daily). 
There exists a volume-effect relationship between the weight gain effect and 
the dose of conjugate. 

Example 5 Conjugating of PEG to GH & Purification 

43.5mg of hGH (lyophilized powder) was dissolved in 1.0ml of water, 
and applied to Hi Trap G25 desalting column, the buffer solution was 
displaced by 50mM Na phosphate (pH 6.5). Light density was determined at 
280nm, and protein concn was calculated with extinction coefficient (0.68). 
the total amount of recovery GH (5.7mg) was divided into four portions (each 
containing protein 1 .4mg volume 0.75ml). 

Four portions of appropriate amount of m PEG2-NHS (MW 40kDa, 
shearwater) were added separately, according to the following table, into the 
GH samples, the reaction was in progress at 4°c overnight. 



PEG:Hgh(molratio) 


3:1 


5:1 


7.5:1 


10:1 


hGH (nmol) 


71.62 


71.62 


71.62 


71.62 


PEG (mg/nmol) 


8.6/214.9 


14.3/358.1 


21.4/537.2 


28.6/716.2 



After the above reaction has compelled, using Hi Trap G 25 desalting 
column, the buffer solution was displaced by 20mM Tris (pH 7.4). Each 
sample was applied to the balanced Mono-Q HR 5/5 chromatographic column 
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(Pharmacia Biotech), and eluted by gradient gain in ion strength, the elution 
peak was observed at 280nm. 

Eluting solution 1 : 50mM NaCl, 20mM Tris, pH 7.4; 

Eluting solution 2: 65mM NaCl, 20mM Tris, pH 7.4; 

Eluting solution 3: 500mM NaCl, 20mM Tris, pH 7.4; 

To 80|il of each elution peak's sample, 5u.lx5 of SDS-poly propenamide 
gel sample treated buffer solution was added, and heated at 100°c until the 
total volume was less than 30ul All the samples were applied to 4-20% 
prepared SDS-polypropenamide gel electrophoresis. Fig 3 and Fig 4 are the 
photographs after electrophoresis. 

The result indicates, a conjugate wherein one PEG molecule is coupled 
with one GH molecule, can be made effectively from GH and m PEG2-NHS. 
The efficiency of conjugation is higher when the mol ratio of GH to PEG is 
1 :5~1 :7.5, and fewer phenomenons of more PEG molecules coupled with one 
GH molecule exist, this result is the best. 

Using anion-exchange column Mono-Q, the PEG-GH conjugate can be 
isolated effectively from the free GH and free PEG. The free PEG got isolated 
as soon as applied and eluted with balance solution, the PEG-GH conjugate 
was eluted in 50mM NaCl eluent, and the free GH was eluted in >65mM 
NaCl eluent. All of 50mM NaCl elution peaks eluted from Mono-Q column 
were mixed, and said buffer was exchanged, with Hi Trap G 25 desalting 
solumn, into AQ buffer (150mM NaCl, 0.2% Tween-20, lOmM Na citrate, 
pH 6.0). The buffer exchanged sample was aseptic filtered (CAMEO 25AS) 
by 0.22um filter, and preserved at 2~8°c for bioactivity measurement. 

Example 6 Preparation of PEG-GH Conjugate 
Using Anion-exchange Column 

88.4mg of h GH (lyophilized powder) was dissolved in 10ml of water, 
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and applied to two connected Hi Trap G25 desalting column, the buffer was 
displaced by 50mM Na phosphate (pH 6.5). Light density was determined at 
280nm, and protein concn calculated with extinction coefficient (0.68). the 
total amount of recovery GH (14mg, 5.5ml) diluted with 50mM Na phosphate 
solution (pH 6.5) to 8ml, and was divided into eight portions (each containing 
protein 1.75mg, volume 1 ml). 

Eight portions of m PEG2-NHS (MW 40kDa, shearwater) were added 
separately, according to the following table, into the GH samples the reaction 
was in progress at 4°c overnight. 



PEG:hGH (mol ratio) 


7.5:1 


HGH (nmol) 


87.5/set 


PEG (mg/nmol) 


26.25/656.25/set 



After the above reaction has completed, using Hi Trap G25 desalting 
column, the buffer solution was displaced by 20mM Tris (pH 7.4). Each 
sample was applied to the balanced Mono-Q HR 5/5 chromatographic column 
(Pharmacia Biotech), and eluted by gradient gain in ion strength, the elution 
peak was observed at 280nm. 

Eluting solution 1 : 50mM NaCl, 20mM Tris, pH 7.4; 

Eluting solution 2: 65mM NaCl, 20mM Tris, pH 7.4; 

Eluting solution 3: 500mM NaCl, 20mM Tris, pH 7.4; 

To 80ul of each elution peak's sample, 5uJx5 of SDS-polypropenamide 
gel sample treated buffer solution was added, and heated at 100°c until the 
total volume was less than 30ul. All the samples were applied to 4-20% 
prepared SDS-poly propenamide gel electrophoresis, and photographed after 
electrophoresis. 

The result indicates, the isolating effects of anion-exchange column 
Q-Sepharose Fast Flow and Mono-Q column are the same, PEG-GH 
conjugate was eluted in 50mM NaCl eluent. 
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All of 50mM NaCl elution peaks eluted from Q-Sepharose column were 
mixed, and said buffer was exchanged, with Hi Trap G25 desalting column, 
into AQ buffer (150mM NaCl, 0.2% Tween-20, lOmM Na citrate, pH 6.0). 
the buffer exchanged sample was aseptic filtered (CAMEO 25AS) by 0.22|im 
filter, and preserved at 2~8°c for bioactivity measurement. 

Example 7 Bioactivitv of PEG-GH Conjugate in Depituitarv Rats 

40 depituitary female rats (8 wk-age, Sprague Dawley) were bought 
from Taconic Farms Co [wherein 2 rats being rejected for poor health and 3 
rats for the excess wt gain (> one std variance)], the rest 35 rats were 
randomly classified as: 

Gp solvent: 9 rats were subcutaneously injected daily for 14 days with 
lml of AQ buffer solution (0.2% Tween-20, 150mM NaCl, lOmM Na citrate, 
pH 6.0); 

Gp GH: 6 rats were subcutaneously injected daily for 14 days with lml 
of AQ buffer solution (containing 20ug h GH); 

Gp PEG-h GH-70: 10 rats were subcutaneously injected of first and 
seventh days with lml of AQ buffer solution [containing 70ug PEG 
(40kDa)-GH conjugate]; 

Gp PEG-h GH-140: 10 rats were subcutaneously injected of first and 
seventh days with lml of AQ buffer solution [containing 30ug PEG 
(80kDa)-GH conjugate]; 

Assaying daily the body weight of the rats, a plot of weight change in 
cure course was shown in Fig 5. The mean values of weight change for each 
group of rats at 7 and 14 days, and the statistic analysis were listed at Tab 3 
and Tab 4. In statistic analysis, the t test function of EXCEL solfware was 
used, the scale is two-tailed and inequal variance. 
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Tab 3 Mean weight gain of the rats at 7days after cure 



Group 


n 


Wt gain (g) 
(mean±sd) 


P(solvent) 


P(GH) 


Solvent 


9 


1.93±2.10 






GH 


6 


17.07±1.94 


<0.0001 




PEGhGH-70 


10 


12.9912.66 


<0.001 


<0.05 


PEGhGH-140 


10 


16.2111.56 


<0.001 


>0.05 



Tab 4 Mean weight gain of the rats at 1 4days after cure 



Group 


n 


Wt gain (g) 
(mean+sd) 


P(solvent) 


P(GH) 


Solvent 


9 


2.7711.66 






GH 


6 


27.1212.95 


<0.0001 




PEGhGH-70 


10 


20.7913.00 


<0.0001 


<0.001 


PEGhGH-140 


10 


28.5912.81 


<0.001 


>0.05 



The result indicates: 140u-g of PEG-GH conjugate (Gp PEG-hGH-140, 
once per 7 days) has produced the same weight gain effect as 20ug of the 
conventional GH (once daily). There exist a volume-effect relationship 
between the weight gain effect and dose of conjugate. 



Example 8 Pharmacodynamics of PEG-GH compared to GH 
In Once Administered Depituitarv Rats 

9 depituitary female rats (1 Iwk-age, Sprague Dawley) were bought from 
Taconic Farms Co, and randomly classified as: 

Gp GH: 4 rats were once subcutaneously injected with 1ml of AQ buffer 
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solution (containing 140u.g/ml h GH); 

Gp PEG-hGH: 5 rats were once subcutaneously injected with 1ml of AQ 
buffer solution (containing 140ug PEG-hGH conjugate). A plot of daily 
weight change was shown in Fig 6, and the mean weight gains of the rats at 7 
days were listed at Tab 5. 



Tab 5 Mean weight gain of the rats at 7 days after cure 



Group 


n 


We gain (g) 
mean±sd 


P 


GH 


4 


3.43±1.79 




PEG-Hgh 


5 


16.28±1.22 


<0.0001 



The result indicates: the weight gain of Gp PEG-hGH (140ug) was 
markedly above that of Gp GH (140ug), i.e. PEG-hGH has attained the 
long-acting object, the same result is unable to achieve by merely increasing 
the GH dose. 
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Claims 



1. A high purity polyethylene glycosylated human growth hormone 
(PEG-GH) conjugate, wherein the mol ratio of PEG to GH is 1 :1 . 

2. The conjugate of Claim 1, wherein the molecular weight (MW) of 
PEG is 20kDa~120kDa. 

3. The conjugate of claim 2, wherein the MW of PEG is 40kDa~80kDa. 

4. The conjugate of claim 1, wherein the PEG molecule contains 2~4 
branched side chain. 

5. The conjugate of claim 4, wherein the MW of each PEG side chain is 
5kDa~20kDa. 

6. The conjugate of claim 1, wherein the purity of conjugate is greater 
than 95%. 

7. The conjugate of claim 1, wherein the conjugate can take a 
long-acting effect. 

8. A method for producing the conjugate of claim 1-7, characterized by 
couplings of monofunctionally activated PEG to GH at pH 5.5~7.5 of 
aqueous solution. 

9. The method for producing the conjugate of claim 8, characterized by 
coupling of monofunctionally activated PEG to GH at pH 6.5~7.0 of aqueous 
solution. 



10. The method for producing the conjugate of claim 1-7, characterized 
by isolating and purifying the coupled mixture using MS chromatography 
(Superdex 75). 

1 1 . The method for producing the conjugate of claim 1-7, characterized 
by isolating and purifying the coupled mixture using an an ion-exchange 
chromatographic column. 

12. The method of claim 11, wherein the an ion-exchange column is Q. 

13. The method of claim 12, wherein the conjugate of claim 1-6 is 
eluted in 50mM NaCl buffer solution. 

14. A pharmaceutical composition containing the conjugate of claim 1-7, 
and pharmacentically acceptable dilutent, stabilizer, and adjutant. 

15. The parmacentical composition of claim 14, characterized by said 
composition having a long-acting effect. 

16. A high molecular weight branched PEG molecule, said molecular 
structure is defined as: Rx-B-Rl wherein R being a PEG branched chain 
linked to linker B, x being the No. of branched chains (2-4), Rl being a 
difunctional PEG molecule wherein one end linking to B, another having free 
carboxy or hydroxy 1 group. 

17. A high molecular weight branched PEG molecule, its molecular 
weight is 20kDa~120kDa. 



18. The high molecular weight branched PEG molecule, its molecular 
weight is 40kDa~80kDa. 

19. A PEG conjugate, characterized by said conjugate is produced from 
the PEG molecule of claim 16~1 8 with the molecule of protein and other. 



Abstract 



This invention discloses a method for modifying growth hormone with 
macromolecular weight polyethylene glycol, thereby to obtain a modified 
product capable of prolonging markedly the half-life of the hormone. Said 
product has simple structure, uncomplicated production technology, strict 
quality control, and strong practicability. 
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